Strategies to increase expanded criteria donor (ECD) transplantation are needed. We quantified the extent to which ECD kidneys provide recipients with a lifetime of allograft function by determining the difference between patient survival and death-censored allograft survival (graft survival). Initial analyses compared 5-year outcomes in the Eurotransplant Senior Program (European) and the United States Renal Data System. Among European recipients $65 years, patient survival exceeded graft survival, and ECD recipients returned to dialysis for an average of 5.2 months after transplant failure. Among United States recipients $60 years, graft survival exceeded patient survival. Although patient survival in elderly recipients in the United States was low (49% at 5 years), the average difference in patient survival at 10 years in elderly recipients in the United States with an ECD versus non-ECD transplant was only 7 months. The probability of patient survival with a functioning allograft at 5 years was higher with ECD transplantation within 1 year after activation to the waiting list than with delayed non-ECD transplantation $3 years after activation to the waiting list. Subsequent analyses demonstrated that ECD transplants do not provide a lifetime of allograft function in recipients ,50 years in the United States. These findings should encourage ECD transplantation in patients $60 years, demonstrate that rapid ECD transplantation is superior to delayed non-ECD transplantation, and challenge the policy in the United States of allowing patients ,50 years to receive an ECD transplant.
The number of patients awaiting kidney transplantation in the United States recently eclipsed 100,000. 1 Despite these staggering numbers, a high number of deceased donor kidneys from older aged donors are discarded, and in 2012, 60% of the kidneys recovered from deceased donors aged $65 years in the United States were not transplanted. 2 In the new American kidney allocation scheme, to expedite placement and encourage utilization of expanded criteria donor (ECD) kidneys, priority for local allocation will be eliminated and ECD kidneys will be offered at the regional level. 3 However, despite evidence that only certain patient groups will benefit from transplantation of ECD kidneys 4 and that patients who will not benefit continue to be listed and transplanted with ECD kidneys, 5 the new allocation scheme does not restrict which wait-list candidates can receive ECD kidneys. 3 In contrast, the Eurotransplant Senior Program (ESP) restricts the transplantation of kidneys from deceased donors aged $65 years to recipients $65 years, but still allows patients aged $65 years the option of waiting for a kidney from a younger deceased donor. 6 Previous work has shown that the discard of ECD kidneys in the ESP is significantly lower than that in the United States. 7 In this study we report a series of analyses to inform the optimal use of ECD kidneys. The first group of analyses compares the use and outcomes of ECD kidneys in the ESP and the United States. The purpose of these analyses was to demonstrate the effect of different allocation policies on the utilization and outcome of ECD transplantation. The second set of analyses examined the consequences of continuing to allow any consenting wait-list candidates to undergo transplantation with an ECD kidney in the United States.
Under the new American kidney allocation system, ECDs will be defined by a Kidney Donor Profile Index (KDPI).85%. 8 The KDPI is a linear scale from 0% to 100% that transforms the relative risk of graft loss for any deceased donor kidney compared with that of a kidney from a donor aged 40 years, with 0% representing the longest projected survival and 100% representing the shortest survival. 8 The KDPI is calculated on the basis of donor age, height, ethnicity, history of hypertension, diabetes, cause of death, serum creatinine, hepatitis C status, and donation after circulatory death status. 8 Given that KDPI is not used in the ESP, and because most deceased donors aged $65 years would be classified as ECD in the United States, we defined ECD on the basis of deceased donor age of $65 years to maintain consistency in all analyses.
RESULTS

Use and Outcomes of ECD Kidneys in the ESP and the United States
During the period 1999-2003, the number of transplants from deceased donors aged $65 years in the ESP was 1870 compared with only 1312 in the entire United States. ESP recipients received kidneys from donors that were older and more frequently had a history of hypertension compared with United States recipients (Table 1) . Over 80% of ESP recipients were $65 years old compared with only 34% of United States recipients. ESP recipients were less likely to have diabetic ESRD or obesity than United States recipients, but they had a longer exposure to dialysis before transplantation (Table 1) . Because the ESP excludes sensitized patients, 6 97% of ESP patients had plasma renin activity ,5%. Compared with ESP recipients, United States recipients were treated nearly twice as frequently with depleting antibody induction therapy ( Table 1 ). The incidence of delayed graft function (ESP: 32%; United States: 34%) and primary nonfunction (ESP: 7%; United States: 6%) were clinically similar in ESP and United States recipients. Similar differences were observed among the subset of recipients aged $65 years (Table 2) . Figure 1 shows Kaplan-Meier plots comparing transplant outcomes among the 1520 ESP and 446 United States recipients who were $65 years of age at the time of kidney transplantation from a deceased donor $65 years old. The higher allograft survival in ESP recipients was the result of a higher incidence of death with a functioning graft in United States recipients. Table 3 shows the results of separate Cox multivariate regression analyses for the outcomes of graft loss from any cause, death-censored allograft loss, and death with a functioning graft. Among transplant recipients $65 years of age, there was a lower risk of graft loss from any cause and death with a functioning graft in ESP compared with United States recipients, but the risk of death-censored allograft loss was similar in both groups. Figure 2 shows the difference in patient and death-censored allograft survival at 5 years after transplantation in ESP and United States recipients aged $65 years who underwent transplantation with a deceased donor kidney from a donor aged $65 years. Table 4 quantifies the difference in mean 5-year patient and death-censored allograft survival in ESP and United States recipients aged $65 years. ESP recipients were more likely to outlive their transplant, requiring them to return to dialysis for an average of 5.2 months over the 5-year follow-up period. Among United States recipients, death-censored allograft survival exceeded patient survival by 9.6 months, indicating that, on average, elderly United States recipients aged $65 years die with a functioning allograft after ECD transplantation ( Table 5 ).
Probability of Being Alive and Being Alive with a Function Allograft at 5 Years
The probability of survival 5 years after activation to the waiting list and the probability of being alive with a functioning allograft at this time point are shown for patients with and without diabetes aged 60-64, 65-69, and $70 years (Table 6) . Overall, the results show a higher or equivalent probability of being alive with a functioning allograft with transplantation from an ECD within the first year after activation to the wait-list compared with transplantation $3 years after activation to the wait-list from a non-ECD.
Consequences of Continuing To Allow Any Consenting
Wait-List Candidate to undergo Transplantation with an ECD Kidney in the United States Figure 3 shows the age distribution of 5257 United States kidney transplant recipients from deceased donors aged $65 years during the period January 1, 1995-December 31, 2010. Of the recipients, 726 (14%) were ,50 years of age. Figure 4 quantifies the difference (in months) between the average patient survival and average death-censored graft survival among different recipient age groups at 10 years after transplantation with a deceased donor $65 years. Among patients 18-39 and 40-49 years, the average patient survival exceeded the average death-censored allograft survival. As a result, recipients aged 18-39 years returned to dialysis for an average 6SEM of 3264 months, whereas patients aged 40-49 years returned to dialysis for an average6SEM of 2163 months in the 10-year time period after transplantation with a deceased donor $65 years. In contrast, among recipients aged 50-59 years, the average patient survival (85 months) and graft survival (83 months) over a 10-year period were similar, whereas among recipients aged $60 years, patient survival was lower than death-censored allograft survival, indicating that on average transplantation with a deceased donor $65 years provided a lifetime of function for patients aged $60 years. To understand whether this achievement of a lifetime of allograft function in patients aged $60 years in the United States was determined by shorter patient survival after transplantation with a deceased donor kidney aged $65 years, we quantified the difference in 10-year patient survival (in months) among recipients aged $60 years after transplantation from a deceased donor aged ,65 years and $65 years (Table 5) , after adjustment for differences in patient and transplant characteristics that may effect patient survival. To ensure this information was relevant to the new kidney allocation policy, the results among deceased donors recipients aged ,65 years were stratified by the KDPI. The decrement in 10-year mean patients survival with transplantation from a donor aged $65 years compared with a donor aged ,65 years with KDPI 60%-69% was 8.2, 7.3, and 7.3 months, Values represent n (%) unless otherwise specified.
respectively, in recipients aged 60-64, 65-69, and $70 years ( Table 5) . Together these findings suggest wider acceptance but restricted allocation of ECD kidneys in the United States could safely increase transplantation in the elderly while avoiding poor outcomes in younger patients. The international comparison also found the survival of elderly transplant recipients was far lower in the United States. This could be related to differences in patient health status between European and US transplant recipients aged $65 years or because of increased transplant-related complications in the United States that are not manifest in the ESP because of differences in clinical transplant practice. Although determination of reasons for these international differences in outcomes was not our primary focus, these findings suggest that international collaboration may be very useful in understanding the key determinants of adverse outcomes after ECD transplantation in elderly patients. Specific issues that could be examined include differences in candidate selection, wait-list management, organ preservation, organ allocation, and early and late post-transplant management that might effect patient survival. For example, it is notable that ESP allocates kidneys from donors aged $65 years to recipients aged $65 years locally or in a narrow geographic area to minimize cold ischemic time, 6 and this resulted in shorter cold times in the ESP in our analysis. The new US allocation policy to forego local prioritization of ECD kidneys 3 may paradoxically increase cold ischemic times leading to an increase in adverse outcomes and more resistance to accept ECD offers.
Our estimates of the average difference between patient and allograft survival in ESP and United States recipients provide insight into the extent to which ECD transplantation succeeds in providing elderly patients with a lifetime of allograft function. 4 To inform decision making regarding acceptance of an ECD kidney in individual patients, we also determine the probability of survival with a functioning transplant (Table 6 ). This analysis showed that the probability of being alive with a functioning transplant was higher with rapid ECD transplantation in the first year after waitlisting compared with delayed non-ECD transplantation performed $3 years after wait-listing. This information confirms that the benefit of ECD in the elderly is dependent on the timing of transplantation. 9 Importantly, these findings may alter decision making in elderly patients previously advised to accept transplantation from an ECD. Under the new kidney allocation system, patients will receive credit for time on dialysis before wait-listing and may now rapidly become eligible for an SCD transplant. 3 Our findings suggest that it may not be beneficial for such patients to accept transplantation from an ECD if there is a significant possibility for rapid SCD transplantation. The second part of our study focused on determining the potential downside of continuing to allow any wait-list candidates to receive an ECD kidney in the new US kidney allocation policy. These analyses demonstrated that transplantation of ECD kidneys provides patients ,50 years with an insufficient duration of transplant function and that these patients will have to either return to dialysis or undergo repeat transplantation. We found that few of these patients are relisted for transplantation, are frequently sensitized, and are unlikely to receive a repeat transplant. In contrast, among recipients aged 50-59 years, ECD transplants provided nearly equal patient and death-censored allograft survival, whereas in patients $60 years death-censored allograft survival exceeded patient survival, indicating that on average ECD kidneys provide patients aged $60 years with a lifetime of allograft function. To what extent the survival of patients aged $60 years was shortened by transplantation with an ECD kidney is difficult to determine in this observational study. It is however reassuring that we only found a 7-8 month difference in the average 10-year patient survival between recipients of a transplant from a donor aged $65 years compared with similar-aged recipients of a deceased donor kidney transplant from a donor aged ,65 years with KDPI 60%-69%.
Although some young patients who tolerate dialysis poorly may derive a survival benefit if transplanted rapidly with an ECD kidney, 4 our findings challenge the appropriateness of continuing to allow any consenting patient to accept an ECD Figure 2 . Patient and death-censored allograft survival for recipients aged $65 years who received transplantation from a deceased donor aged $65 years in the ESP and the United States. The shaded area represents the difference between patient and death-censored allograft survival. ESP recipients were more likely to outlive their transplant requiring them to return to dialysis for an average of 5.2 months over the 5-year follow-up period. Among United States recipients, the death-censored allograft survival exceeded patient survival by 9.6 months, indicating that on average, elderly United States recipients aged $65 years die with a functioning allograft after ECD transplantation. kidney. In earlier iterations of the kidney allocation policy, a broad (15-year) age matching had been proposed for kidneys with a KDPI.20%. 10 However, this proposal was rejected by the US Department of Justice on the grounds that the use of age alone to determine organ allocation was discriminatory. 11 Therefore, the default policy to allow any consenting patient to receive an ECD transplant was maintained. Our findings suggest that the European approach to allow elderly patients to opt out of ESP, while prohibiting the transplantation of ECD kidneys in younger candidates who clearly will not derive a survival benefit might have been an important consideration. Although younger patients might derive quality of life benefits from ECD transplantation, it is unknown if this quality of life benefit is durable especially if the transplant fails. Excluding younger patients from ECD would help ensure rapid transplantation that is essential to maximize the benefit of ECD in the elderly (Table 6 ) and may be justified given that changes to the kidney allocation system are projected to decrease transplantation in candidates aged $50 years. 3 Readers of our study should consider the inherent limitation of observational studies and that our findings may not be directly applicable to individual patients. In summary, these analyses (1) provide evidence to encourage increased utilization of deceased donors aged $65 years in elderly transplant candidates, (2) highlight the need for international collaboration to devise strategies to minimize the risk of death after ECD transplantation, (3) suggest the need to carefully evaluate the effect of regional sharing on cold ischemic time in ECD transplants, (4) demonstrate that the benefits of ECD transplantation in the elderly are dependent on rapid transplantation, and (5) challenge the US policy to allow any consenting patient to proceed with ECD transplantation. These observations may be useful in increasing the safe utilization of ECD kidneys in the United States.
CONCISE METHODS
This study was conducted with the approval of our local hospital research ethics board. The study adheres to the Declaration of Istanbul.
Use and Outcomes of ECD Transplantation in the ESP and the United States Data Sources and Study Population
The study population included recipients of a first, kidney-only transplant from a deceased donor $65 years of age captured in the ESP or the US Renal Data System (USRDS). A significant issue limiting international comparisons of transplant outcomes is the lack of validated outcome assessment. 12 To overcome this limitation, we restricted the analysis to patients transplanted between January 1, 1999, and December 31, 2003, with follow-up through April 30, 2005, because of the availability of rigorous outcome assessment in this cohort of ESP patients as part of a clinical study. 6 Transplant outcomes in the USRDS cohort are routinely validated as previously described. 13 
Statistical Analyses
Donor and recipient characteristics were described using the median (and quartiles) for continuous variables, or frequencies and proportions for categorical variables; group differences were compared using the Kruskal-Wallis or chi-squared test as appropriate. Among the subset of recipients aged $65 years, we determined the time to allograft failure from any cause, death-censored allograft failure, and death with a functioning graft in ESP and United States patients using the Kaplan-Meier product limit method and compared group differences using the log-rank test. Separate Cox multivariate proportional hazards regression models were used to determine the relative risk of graft loss from any cause, deathcensored graft failure, and death with a functioning allograft in ESP patients compared with United States patients after adjustment for differences in donor characteristics ( The proportional hazards assumptions were tested using log-negative-log plots of the within-group survivorship probabilities versus log-time in all models.
Determination of Lifetime of Allograft Function
The area under a population survival curve represents the average (or mean) survival of the population. 14 When two populations are compared, the surface area between their corresponding survival curves is the average duration of life gained in the population with the greatest survival relative to the population with the least survival. 14 Similar to Meier-Kriesche et al, 15, 16 we extended this approach to quantify the difference in mean patient survival after transplantation and mean death-censored allograft function. When the area under the population death-censored allograft function curve was greater than or equal to the area under the population patient survival curve, the allograft would have provided a lifetime of allograft function to the recipient. Similarly when the area under the population death-censored allograft survival curve was less than that under the patient survival curve, the allograft would have provided less than a lifetime of allograft function. We quantified the difference between the allograft and patient survival curves at 5 years after transplantation to quantify the mean time the recipient population would require another source of renal replacement therapy (either dialysis or repeat transplantation). The areas under patient and death-censored allograft survival curves (mean survival times) were calculated using the Kaplan-Meier product limit method. The area below the survival curves was provided by SAS 9.4 (Carey, NC), using Irwin's restricted mean, truncated at 5 years. 17 Additional covariates were not included in the models because patient and death-censored allograft survival curves were directly compared within the same populations. In the models, the intercluster correlation between deceased donor kidneys from the same donor (maximum 2 kidneys per donor) was accounted for using the robust sandwich covariance matrix. 18, 19 Probability of Being Alive and Being Alive with a Functioning Allograft 5 Years after Wait-Listing
We determined the probability of being alive 5 years after wait-listing with a transplant from an ECD or SCD after different durations of waiting time (1, 2, 3, and 4 years) among subgroups of elderly patients (aged 60-64, 65-69, $70 years) with and without diabetes as the product of the probability of (surviving and remaining active on the wait-list) 3 (probability of survival after transplantation irrespective of allograft failure). Similarly, the product of being alive with a functioning allograft was determined as the product of (surviving and remaining active on the wait-list) 3 (probability of survival without a return to dialysis or repeat transplantation). For these . Ten-year mean patient and death-censored allograft survival and difference between curves (in months) after transplantation from a deceased donor aged $65 years in the United States. Positive values for the difference (white bars) indicate average patient survival was greater than death-censored allograft survival, whereas negative values indicate death-censored allograft survival was greater then patient survival.
analyses, probabilities were determined using the Kaplan-Meier product limit method, and a non-ECD transplant was defined by a KDPI between 0.20 and 0.85, whereas an ECD kidney was defined by a KDPI$0.86.
Consequences of Continuing To Allow Any Consenting
Wait-List Candidate To Undergo Transplantation with an ECD Kidney in the United States
These analyses included recipients of a first, kidney-only transplant from a deceased donor aged $65 years (ECD) captured in the USRDS between January 1, 1995, and December 31, 2010, with follow-up through October 31, 2011.
We first determined the distribution of ECD transplants as a function of recipient age with recipient age categorized as follows: 18-39, 40-49, 50-59, 60-64, 65-69, and $70 years.
In each of the recipient age groups, we calculated the mean patient and death-censored allograft survival (i.e., areas under the unadjusted Kaplan-Meier survival curves) and the difference in these curves at 10 years after transplantation as previously described.
To determine the extent to which the observed differences between patient and death-censored allograft survival among recipients aged $60 years was effected by increased death after transplantation with an ECD kidney, we compared the patient survival of recipients aged $60 years transplanted with a deceased donor kidney from a deceased donor aged $65 years with that of similar-aged recipients who received a kidney from a deceased donor aged ,65 years with a KDPI 60%-69%, 70%-79%, 80%-85%, and .85% during the same time period using separate Cox multivariate regression analyses adjusted for recipient factors (sex, race, cause of ESRD, peak panel reactive antibody titer, body mass index, primary insurer, comorbidities [inability to ambulate, chronic obstructive pulmonary disease, congestive heart failure, cerebrovascular disease, peripheral vascular disease, cancer, ischemic heart disease]), transplant factors (HLA mismatch, cold ischemic time), and delayed graft function. To calculate the area below Cox survival curves, we used the trapezoidal rule 20 : trapezoid heights were estimated using survival probabilities estimated from the Cox model, and trapezoid widths (intervals) were calculated between survival failure times. The analyses were truncated at 120 months (10 years). We quantified the area between the recipient and deceased donor kidney survival curves as either the expected time a recipient would be required to return to dialysis after deceased donor kidney failure (i.e., when recipient survival is longer than deceased donor kidney survival) or the expected loss of potential kidney function after the recipient died (i.e., when deceased donor kidney survival is longer than recipient survival). The area between the curves was calculated as the difference in the areas under the two survival curves. The 95% confidence intervals for the difference in areas were estimated by comparing the 95% confidence bands at event times.
Finally, among patients aged ,50 years who received an ECD kidney from a donor aged $65 years and suffered death-censored allograft failure, we determined the proportion that were relisted for transplantation, their peak panel reactive antibody titer at the time of repeat wait-listing, and the proportion subsequently retransplanted with a either a deceased or living donor.
